A phage was isolated from sewage and shown to form plaques on Salmonella typhimurium strains carrying C plasmids. It failed to multiply on strains lacking plasmids of this group. It also plated on Proteus mirabilis and Serratia marcescens strains carrying various IncC plasmids but failed to form plaques on Escherichia coli strains harbouring most of these plasmids, although in all cases, phage multiplication on the strains was demonstrated. No phage increase occurred in any of the strains which lacked an IncC plasmid or contained plasmids of other incompatibility groups. The phage is small, hexagonal in outline, contains RNA, is resistant to chloroform and adsorbs to the shafts of pili coded for by IncC plasmids.
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Short communication Table 1 . Host range of phage C-1 Drops of the phage suspension (titre 1 x lo9 p.f.u. ml-l) were spotted on lawns of organisms contained in top-layer agar. Phage multiplication was assessed as outlined in Methods.
Phage action* Host LT2trpA8(RA 1) LT2t rpA8 (RA2) LT2trpA8(R7 14b) LT2trpAd(P-lac) PM5OO6 (P-lac) J62-1(P-lacRldrdl9)$ SM89(P-lacRldrdl9) LT2trpA8(R724) LT2trpA8(R 16a) LT2trpA 8 (R40a) J 5 3 (R40a) LT2trpA8(R57b) LT2trpA8(R746) LT2trpAb(R 1 184) RC24(R1184) LT2trpA8(R840) LT2trpAb(R ldrd 19) LT2trpA8(EDP208) LT2trpA8(R478) LT2trpA8(R 144drd3) LT2trpA8(R39 1) LT2trpA8(R991) LT2trpA 8 (RIP69) LT2trpA8 (R44 7b) LT2trpA8 (RP4) LT2trpA8(R402) LT2t rpA 8 (R A 3) LT2trpA8(R769) LT2t rpA 8 (RS a) LT2trpA8(R6Kdrd) LT2tvAb(RA 1-1) Bradley (1980) * +, Plaque formation or increase in titre; -, no visible action or titre increase.
t Recently grouped as IncC (Bradley, 1980) . $ Also named plasmid D (Coetzee, 1978) . marcescens SM89 (supplied by R. E. Ambrosio). The plasmids (Table 1) were from the Hammersmith collection and were transferred to the appropriate organisms.
Bacteriophages. Phages f 2 (Loeb & Zinder, 1961) , PR64FS (Coetzee et al., 1980) and PR772 (Coetzee et al., 1979) were used to identify sex pili on host cells harbouring plasmids of the F, I, and P-1, N and W incompatibility groups, respectively.
Media, antibiotics and conjugal transfer of plasmids. These were as described (Coetzee et al., 1979) . The incubation temperature was 37 OC for all plasmids apart from the IncT group where it was 20 OC.
Phage isolation. Attempts were made to isolate an IncC plasmid-specific phage from sewage obtained from the main Pretoria sewage works using the method of Meynell & Lawn (1968) . Briefly, this involved the addition of 1 ml of exponentially growing culture of E. coli J62-1(P-lacRldrdl9) or P. mirabilis PM5006(P-lac) to an equal volume of sewage. After 20min adsorption, each mixture was diluted with 10ml warm broth and incubated overnight. The mixtures were then treated as described previously (Coetzee et al., 1979) and finally plated on the above organisms and isogenic strains lacking the plasmids.
General phage techniques, production of phage lysates and organic solvent sensitivity of phages. These were done as described and referred to by Coetzee et al. (1979) .
Concentration of phage. Phage lysates were concentrated using polyethylene glycol (mol. wt 6000) and NaCl at final concentrations of 11 % (w/v) and 0.5 M, respectively (Yamamoto et al., 1970) . Pellets were resuspended in small amounts of distilled water.
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Bacteriophage increase. This was assessed by the double agar layer technique (Adams, 1956) . Top layer (4 ml) contained 1 ml of an exponentially growing culture of the test organism (Table 1) as well as 0.1 ml phage suspension [ 1 x lo5 plaque-forming units (p.f.u.) ml-'1. One control consisted of 1 ml of an isogenic strain lacking the plasmid to which the same amount of phage and top layer was added. In the other control the same volume of phage was added to the top layer agar which contained 1 ml broth instead of the host organism. The mixtures were then poured over the surface of nutrient agar plates and allowed to set. After overnight incubation, 8 ml saline was added to each plate and the soft agar layer was scraped off completely. The suspensions were then centrifuged at 8000 g for 10 min and phage titres of the supernatants were determined. Ribonuclease sensitivity. Drops of the phage suspension (1 x lo7 p.f.u. ml-l) were spotted on plates containing S. typhimurium LT2trpA8(P-Zac) with pancreatic RNAase (BDH) at a final concentration of 25 pg ml-I in top-layer agar (Watanabe & August, 1967) . Similar plates seeded with strain LT2frpAB(RP4) were spotted with a double-stranded DNA phage, PR772, (Coetzee et aZ., 1979) as a control.
Electron microscopy. Escherichia coli strain RC24Pil-carrying plasmid R1184 was used to determine the adsorption site of phage C-1. The method was that of Bradley (1980) . Bacteria from plates grown overnight were suspended at high concentration in 0.2 ml of a neutral 0.1 M-ammonium acetate solution. An equal volume of phage suspension (5 x 10" p.f.u. ml-l) was added and the mixture was incubated for 30 min. Subsequently, a drop of the suspension was deposited on a Formvar-carbon coated grid, repeatedly rinsed with 0-1 M-ammonium acetate and negatively stained. Specimens were examined in a Philips EM300 electron microscope at an instrumental magnification of 42 OOO.
R E S U L T S A N D D I S C U S S I O N
Isolation of a P-lac-dependent bacteriophage A phage was isolated which plated on both the strains used for isolation but not on isogenic strains lacking the plasmids. The phage was named C-1 and was routinely propagated on S. typhimurium LT2trpA8(P-lac).
Properties of phage C-1 Plaque morphology. The phage formed slightly turbid plaques 1.0 to 2.0 mm in diameter on S. typhimurium LT2trpA8(P-lac) and E. coli 562-1(P-lacR ldrdl9). When plated on P.
mirabilis PM5006(P-lac) or Ser. marcescens SM89(P-lacR ldrdl9) the plaques were more turbid but of the same size.
Morphology. The phage had an hexagonal outline (Fig. 1 a) indicating possible icosahedral symmetry. The average diameter of 60 phage particles was 27 k 2 nm between opposite apices. Adsorption site. Phage particles were seen attached to the shaft of pili (Fig. 1 b) produced by E. coli RC24 carrying the IncC plasmid R1184.
Ribonuclease sensitivily. Plaque formation by phage C-1 was totally inhibited by RNAase. Phage PR772 plated to the same titre on RNAase-containing plates as on control plates which lacked RNAase.
Organic solvent sensitivity. Phage C-1 was stable in the presence of chloroform and diethyl ether. Suspensions of the phage were routinely maintained above a layer of chloroform.
Host range. The phage plated on S. typhimuriurn LT2trpA8 carrying plasmids of incompatibility groups A, A-C and C (Table 1) . It also plated on P. mirabilis PM5006, E.
coli 562-1 and Ser. marcescens SM89 carrying various plasmids of the above mentioned groups. Phage C-1 did not plate on isogenic strains lacking the plasmids or on strains carrying plasmids of other incompatibility groups tested, and no multiplication of the phage, as demonstrated by an increase in titre, could be demonstrated on these strains. Escherichia coli strains carrying some A, A-C or C incompatibility group plasmids failed to plate the phage although a titre increase of at least 100-fold was demonstrated in all these cases (Table  1 , lines 12, 16 and not shown) and it is fortunate that E. coli strain 562-1(P-lacRldrdl9), which was used for sewage enrichment, plated the phage. Escherichia coli strains lacking the plasmids failed to produce phage in a titre above that of controls. Bradley (1980) could not demonstrate pilus formation electron microscopically by E. coli strains harbouring the IncC plasmid R40a with the use of a temporary derepression method. Failure of E. coli strains bearing the particular plasmids to produce pili is an unlikely explanation for our results as intraspecific transfer frequencies of these plasmids in E. coli and S . typhimurium were similar and greater than 1 x per donor (not shown). Bradley (1977) encountered a reverse situation with an E . coli and a S. typhimurium strain carrying the IncX (now IncD; R. W. Hedges, unpublished) plasmid R71 lb. When phage fd was spotted on lawns of the two plasmid-bearing organisms, plaque formation was only detected with the former strains, although a small phage titre increase on S . typhirnuriurn indicated the susceptibility which the plasmid conferred on the latter organism.
Plasmid P-lac was originally thought (Coetzee et al., 1973; Coetzee, 1974) to belong to the P incompatibility group, but Datta & Hedges (Hedges, 1974) finally reassigned it to the A-C Short communication 159
complex. The fact that strains harbouring plasmid (P-ZacRldrdl9) plate phage C-1 and not phage f2 confirms the compatibility studies of Hedges (1974) who found that the fused plasmid belongs to the IncA-C complex and not to IncFII (Coetzee, 1974) . The fact that pilus formation (not shown) by plasmids of incompatibility groups I, FII, and N, P-1 and W was demonstrated by the susceptibility they conferred on host bacteria to phages PR64FS, f 2 and PR772, respectively, but not to phage C-1, is an indication of the specificity of the-latter phage. Pilus shaft-adsorbing phages are more specific than those which adsorb to pilus tips (Coetzee et aZ., 1979) and bacteria harbouring all plasmids of incompatibility groups A, A-C and C tested have supported growth of phage C-1. Hedges (1974) concluded, on the basis of compatibility studies, that groups A and C should be merged. In view of the implications of the present study we propose that all these plasmids are best regarded as members of a single group. Although affinity studies have not been done, such an investigation could possibly subdivide the IncC plasmids in a manner similar to that achieved by the shaft-absorbing phages MS2, p2 or f2 for F-like plasmids (Meynell, 1978) .
